This paper proposes a new variable based on patent data to proxy for productive entrepreneurship. Data on self-employment is used as an alternative proxy. In particular, the paper studies the impact of entrepreneurship on economic growth by using these two measures. The study considers 22 OECD countries and finds a positive relationship between the proposed measure of productive entrepreneurship -degree of innovativeness of different nations -and economic growth, while the alternative measure, based on selfemployment, appears to be negatively correlated with economic growth. The findings are backed by a battery of econometric specifications and techniques.
Introduction
Entrepreneurship is widely credited with playing a crucial role in economic growth.
When someone, for instance a politician, argues that: "for the economy to develop further, it does need to be more entrepreneurial and innovative", everybody seems to agree with such statement. However, most people have only an imprecise idea about what is meant by entrepreneurship. To put it clearer, some people might see entrepreneurship in someone who starts her/his own new small business, say a coffee shop, nevertheless this new venture would hardly be seen as something innovative. 1 This paper is intended to contribute to our understanding of entrepreneurship in a Schumpeterian perspective, that is, focusing on innovation.
One of the most interesting and challenging issues faced by economists and other social scientists is the relationship between entrepreneurship and economic growth.
Nevertheless, empirical studies have not been able to find strong statistical evidence for this relationship. Obviously, the first problem is the measure that those studies are using to proxy for entrepreneurship in their empirical analysis.
We identify three primary issues surrounding entrepreneurship: i) How can we measure it? ii) What factors help to determine it? iii) What is the relationship between different measures of entrepreneurship and economic growth? 2 This paper mainly focuses on the third one.
Self-employment, henceforth referred to as SELF, has often been used as a proxy for entrepreneurship. In Salgado-Banda (2004) the variable, based on patent applications, henceforth referred to as PAT, is much more closely related to productive entrepreneurship and clearly inspired by Schumpeter and Baumol's ideas. 3, 4 As will be discussed, PAT could be interpreted as a measure of the degree of innovativeness of different nations. 1 For this venture to be considered truly entrepreneurial it should create, for instance, a new market. 2 In Salgado-Banda (2004) the focus is on the first two issues and it was argued that selfemployment or business-ownership is not a good proxy for productive entrepreneurship and that is empirically associated with weak institutional indicators, less developed financial systems and capital markets, and French legal origin. As it turns out, all of these factors tend to be negatively related to growth. 3 The terms 'productive entrepreneurship', 'growth-oriented entrepreneurship' and 'innovative entrepreneruship'are used interchangeably throughout the paper. 4 It was found that countries with a better institutional set-up, a more advanced financial system and other than the French legal origin have higher levels of PAT. Hence, this variable is more likely to be positively associated with economic growth.
There are various studies that focus on finding evidence for the particular importance of one variable, for example, Barro (1991) and Barro and Lee (1993) study human capital, Edwards (1998) and Harrison (1996) focus on openness, King and Levine (1993a, b) and Levine et al. (2000) on financial activity, and Sarel (1996) on inflation. In this paper, the main intention is to formally evaluate the impact of both PAT and SELF on economic growth. Different econometric specifications and estimation methods will be considered to fully demonstrate how PAT and SELF affect economic growth on OECD countries for the period 1975-1998.
To the best of our knowledge, this is the first study using the data set considered here that finds a positive relationship between one of our proposed measures of productive entrepreneurship and economic growth.
The paper is organised as follows. Section 1.1 briefly reviews the more relevant economic ideas and concepts that surround entrepreneurship. Section 1.2 revises the considered measures to proxy for productive entrepreneurship. Section 2 starts the empirical study by means of a cross-sectional analysis for the period
1980-1995. Cross-section regressions by Ordinary Least Squares (OLS), Two-Stage
Least Squares (TSLS) and Generalised Method of Moments (GMM) models are estimated. Section 3 undertakes a Dynamic Panel Data (DPD) estimation using two alternative time periods, in order to exploit every single observation and pattern, and to test further the findings from the cross-section analysis. 5 This section describes the diverse difficulties that DPD implies and therefore considers a GMMtype estimator, known as system estimator, which is the most appropriate method of estimating DPD, such as the one presented in this paper (see Arellano and Bond (1991) , Arellano and Bover (1995) and Blundell and Bond (1998) ). 6 Section 4 introduces a two-equation system estimation analysis; specifically, it studies the indirect impact, via the entrepreneurial proxies, of financial development and/or the legal origin variables on economic growth. Section 5 summarises and concludes.
Entrepreneurship: An Overview
The study of entrepreneurship has not been an easy task. It has meant different things to different people even between scholars within the same discipline. Why is 5 All growth regressions are dynamic given the inclusion of initial income as an explanatory variable. 6 For expositional purposes, the Appendix includes the DPD estimation in levels.
there so much interest on entrepreneurship? 7 The answer certainly is that almost everyone considers entrepreneurship to play a decisive role in the virtuous cycle that promotes economic growth. As a consequence of the growing attention in the subject, entrepreneurship has been studied using different approaches, such as psychological, sociological, anthropological, and of course, an economic one. Within each perspective, there are also various routes and channels of study. This reflects the complexity of defining entrepreneurship, thus the concept is clearly wide open to research based on diverse grounds. This paper uses as a starting point the contributions and ideas of two economists: Joseph A. Schumpeter and William J. Baumol. 8 The interest in entrepreneurship is not new though. The term entrepreneur was used for the first time in an economic context in 1755 and is attributed to Richard
Cantillon. From then on, many books and articles have been written on topics related to entrepreneurship. 9 Nonetheless, policy makers and academics ought to
be careful regarding what kind of entrepreneurship they must promote.
Joseph A. Schumpeter
To Schumpeter, entrepreneurship occurs when there is innovation in the introduction of a new product, organisation or process. Hence, his understanding of an entrepreneur was a conceptual abstraction characterised by the creation of new combinations.
More precisely "Whatever the type, everyone is an entrepreneur only when he actually carries out new combinations and loses that character as soon as he has built up his business, when he settles down to running it as other people run their business." Schumpeter (1934, p. 78) .
"And what have they done: they have not accumulated any kind of goods, they have created no original means of production, but have employed existing means of production differently, more appropriately, more 7 An example of this increasing attention is the fact that many business schools are including 'Entrepreneurship' courses in their MBA programmes. Moreover, and perhaps a more familiar example would be the case when politicians and international institutions blame the lack of entrepreneurs in a country when the economy is not growing. 8 In fact, Baumol sees innovation in a Schumpeterian sense (see Baumol 2002 ). 9 For instance, see Binks and Vale (1990) , Casson (1982) , Drucker (1985) , Hébert and Link (1989) and OECD (1998), who review the literature and the importance of entrepreneurship from different stands. Thus, when an entrepreneur stops innovating she/he stops being an entrepreneur.
Moreover, he argued that day-to-day management of the firm is a routine and does not require the participation of entrepreneurs. Therefore, someone who establishes a new business by replicating existing firms is not an entrepreneur in a Schumpeterian sense. In addition, he introduced the notion of creative destruction arguing that it represents the main source of economic growth. In Schumpeter's words it "[I]ncessantly revolutionises the economic structure from within, incessantly destroying the old one, incessantly creating a new one." (1943, p.
83).
As put by Aghion and Howitt (1998), Schumpeter's notion of creative destruction is a competitive process in which entrepreneurs are continuously looking for new ideas that will render their rivals' ideas obsolete. 10 The fundamental element that induces this creative destruction is innovation. They also mention that in a Schumpeterian context, temporary monopoly rent is what induces innovation and thereby makes the economy grow, hence the importance of preserving intellectual property rights through an adequate system of international patent protection.
In short, according to Schumpeter, innovations -the carrying out of new combinations -can be categorised into five groups: i) the introduction of a new good or of a new quality of a good, ii) the introduction of a new method of production which is unproven, iii) the opening up of a new market, iv) the conquest of a new source of supply of raw materials or part manufactured goods, and v) the carrying out of a new organisation of industry.
11 10 Aghion and Howitt's (1998) research on endogenous growth theory is inspired and based on Schumpeter's ideas. 11 Schumpeter's ideas have been extremely important as a source of inspiration to many scholars.
For instance, the Graz Schumpeter Lectures in Austria take place -and are published -on a yearly basis. For more on the role of Schumpeter in economics, see Arena and Dangel (2002) it is to be expected that not all of them will be immensely concerned with whether an activity that achieves these goals adds much or little to the social product or, for that matter, even whether it is an actual impediment to production. Thus, the overall environment plays an extremely important role in the determination of each type of entrepreneurship. Therefore, attention should be paid to cases where unproductive entrepreneurship may interfere with the further advancement of the innovative-entrepreneurial process itself.
Baumol argues also that "While the total supply of entrepreneurs varies among societies, the productive contribution of the society's entrepreneurial activities varies much more because of their allocation between productive activities such as innovation and largely unproductive activities such as rent seeking or organised crime." (1990, p. 893).
To him, the crux of the matter is that the allocation of entrepreneurs between good or bad businesses depends on their relative returns. Therefore, adequate incentives and strong institutions that raise the relative reward to productive entrepreneurship should be designed. 12, 13 According to Baumol, productive entrepreneurship is fostered "[B]y incentives for entrepreneurs to devote themselves to productive innovation rather than to innovative rent-seeking (the nonproductive pursuit of economic profit such as occurs in inter-business lawsuits), or even to destructive occupations, such as criminal activities." (2002, p. 5). 12 Baumol contrasts Japan and the U.S. He comments that the U.S. is more likely to offer opportunities for rent-seeking activities since there are more lawyers relative to population and many more lawsuits concerning economic issues. Moreover, he mentions that in Japan there are far more institutional impediments to behave as a rent-seeker. 13 The papers by Murphy et al. (1991 Murphy et al. ( , 1993 and North (1990) are closely related to this point.
In particular, Murphy et al. (1991 Murphy et al. ( , 1993 confirm that rent-seeking implies no wealth creation and is only a redistributive activity that uses up resources. This paper proposes a new alternative to measure entrepreneurship based on the number of patent applications by residents in a country per member of the labour force. Additionally, self-employment as a percentage of the total labour force is considered to contrast the findings by using these two alternative and reasonable proxies. A brief overview of these entrepreneurial proxies follows.
Applications for Patents Filed by Residents
Drucker (1985, p. 17) is quite clear on the relevance of innovation and its inherent link with entrepreneurship, as he argues that innovation is the specific tool of entrepreneurs.
In the Schumpeter-Baumol line of thought outlined in Section 1.1, the number of patent applications by a country's residents is a logical proxy for entrepreneurship since it represents the outcome of an innovative activity carried out by productive agents/entities who want to become leaders and get the rewards from their venture.
This becomes evident from the following three statements. The patent variable is divided by the total labour force for each OECD country considered, referred to as PAT. To some extent, the constructed variable represents a measure of the degree of innovativeness of different nations. It is well recognised that innovation and creative destruction are important factors in fostering economic growth. 22 Stern et al. (2000) state that innovation is 20 The patent statistics given by WIPO are divided into two main categories: 1) 'applications for patents filed by:' and 2) 'grants of patents to:'. Each one contains three subcategories: a)
'residents', b) 'non-residents' and c) 'total'. To measure innovative entrepreneurship in a country, two of these subcategories matter for our purposes. These are: i)'applications for patents filed by residents', and ii)'grants of patents to residents'. It was decided to consider the first one since it is assumed that, although the productive entrepreneur does not get the grant yet, certainly there is an inherent innovative process/plan behind that application. Similar results are encountered when using grants of patents to residents. 21 Not surprisingly, R&D have been subject to economic analysis and linked to patenting, the- Therefore, given that patent applications are an observable output and intimately related to innovation, which is considered to play a critical role in stimulating economic growth, they proxy for productive entrepreneurship and unambiguously fit into the Schumpeter-Baumol approach. In this, we are attempting to fulfil Kuznets'
(1962) appeal to make use of the rich information about the innovative process that is contained in patents data.
What causes the number of patent applications by domestic residents to be high? PAT should reflect the conditions (i.e. the existence of excessive bureaucratic barriers and/or the presence of a very inefficient financial sector) that affect and/or facilitate the decision to innovate. If efficient financial systems and markets, a strong institutional framework, and the legal system have properly assisted the innovative entrepreneur, then this would be reflected in PAT, which represents the outcome of an innovative-entrepreneurial activity.
Self-employment or Business Ownership
The number of self-employed/business-owners divided by the total labour force seems to be a logical variable to measure entrepreneurship. This variable, referred to as SELF, will be also used to measure productive entrepreneurship in this research. innovation, since this is the main engine for economic growth and not physical accumulation as in some earlier growth theories. 23 The terms self-employment and business-ownership are used interchangeably.
(2000a). 24 Additionally, for a review of empirical studies of self-employment itself consult Le (1999 More precisely, the self-employment data from the OECD used in this paper include: i) self-employed people who lead an unincorporated business and in most of the cases do not receive a salary but enjoy a share of direct profits instead and who have complete responsibility for the business, and ii) owners-managers who receive both part of the profits and a salary from an incorporated business. The data excludes the agricultural sector and unpaid family workers.
Nevertheless, the OECD (2000a) could not find a consistent set of explanatory variables for self-employment. According to Blanchflower (2000) , the self-employed are a very disparate group. 25 Earle and Sakova (2000, p. 579) provide two interpretations of self-employment. Given these arguments, we again raise the warning that productive entrepreneurship may not be well represented by this particular measure. As suggested by Earle 24 See also some of the references mentioned in the previous subsection. 25 Thus, SELF could include shopkeepers, independent artists, etc., as well as growth-oriented entrepreneurs and rent-seekers. To be more precise, our proposed measure, in contrast to previous studies on entrepreneurship, is not based on surveys, expert interviews, business perceptions indexes, etc. As stated, we are more interested in measuring the degree of innovativeness of different nations and for that purpose we use PAT, which is contrasted with SELF as the alternative proxy for productive entrepreneurship.
Cross-Sectional Analysis
This section uses OLS, TSLS and GMM estimation with data for 22 OECD countries for the period 1980-1995. 26 Economic growth is average real per capita GDP growth over the studied period. This section and the next one consider two information sets following King and . The first one contains two state variables, initial real per capita GDP and the secondary-school enrolment rate measured at the beginning of the study period as is customary to avoid simultaneity bias. 27 The initial income variable is included to capture the β-convergence effect and the schooling variable is included to take into account the effect of human capital. The second information set includes the first one plus measures of openness to international trade, government size and inflation. Further details about the data can be found in the Appendix.
Estimation by OLS Table 1 presents the main results from the OLS estimation. Columns (1a, 1b) in Table 1 This makes the right-hand side variables uncorrelated with the error term.
GDP per capita for 1975 is the instrumental variable of choice for the state variable initial GDP per capita. 29 The reason, as explained by Barro and Sala-iMartin (1999, p. 431) is to "lessen the tendency to overestimate the convergence rate because of temporary measurement error in GDP." Table 2 presents the main results of the estimations by TSLS. Again, one is mainly interested in further exploring the effects of both SELF and PAT on economic growth.
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Columns (1a, 1b) present SELF. The coefficients although not statistically significant, have become more negative.
In Columns (2a, 2b) the statistical significance of PAT is confirmed. In particular, the estimated coefficients imply that an exogenous movement from the minimum to the maximum raises the average growth rate by 1 and 1.5 percentage point respectively, everything else constant.
The TSLS has confirmed the previous OLS results. First, the negative relationship between SELF and average economic growth has become stronger, bearing in mind the statistical insignificance. Second, the coefficient for PAT has remained statistically significant and has also experienced an increment in the value of its estimated coefficient. 28 In particular, a change from the minimum value to the maximum value would increase average economic growth rate by almost 1 percentage point per year, everything else constant. 29 In Table 3 , the legal origin variables will be introduced as instruments. 30 In the forthcoming cross-sectional estimations, both coefficients of the β convergence and the secondary-school enrolment rate remain statistically significant. 
Estimation by GMM
In this subsection, a GMM estimation is introduced to further analyse the two proxies for productive entrepreneurship. GMM provides a robust estimator that does not require information about the exact distribution of the disturbances, hence the GMM estimates will be robust to heteroscedasticity of unknown form. Under this particular estimation, it is assumed that the disturbances in the equations are uncorrelated with the set of instrumental variables. Since there will be more instrumental variables than estimated coefficients, the N*J statistic to check the validity of the over-identifying restrictions is reported.
31 31 Very similar results are found when applying TSLS. The additional instruments are based on the legal origin of the countries (i.e.
English, French, German and Scandinavian). This approach has been taken by different authors interested in growth and financial development, in particular La Porta et al. (1997 Porta et al. ( , 1998 and . For instance, argues that the inclusion of these variables as instruments helps to extract the exogenous components of the corresponding variable, which in his case is financial development.
La Porta et al. (1997 Porta et al. ( , 1998 explain that the legal origin variables can be regarded as exogenous since they were determined a long time ago. The introduction of these variables is also compelling because of the high correlation they have with the explanatory variables. 32 Here, the legal origin variables are used as instruments for 32 In Salgado-Banda (2004), the empirical significance of using the legal origin variables to explain both SELF and PAT. Table 3 presents the results.
Columns (1a, 1b) in Table 3 PAT is considered in Columns (2a, 2b) in Table 3 . All the estimated coefficients are statistically significant and the over-identifying restrictions are valid.
More important, the coefficients on PAT continue to be positive and statistically significant. 33 These results confirm the positive and significant relationship between PAT and economic growth, using two information sets, whereas for SELF the opposite applies.
Dynamic Panel Data Estimation
The previous cross-sectional analysis has helped to provide an initial idea of the effect of the entrepreneurial variables on economic growth. To provide additional evidence to the previous cross-sectional study, further econometric analysis is undertaken in this section to continue the evaluation of the proposed proxies for productive entrepreneurship. The best way to take full advantage of every single data point is by means of DPD estimation. By using panel data, one can analyse how variations in the variables over time in a country affect economic growth. Also, more degrees of freedom are obtained by adding the time series dimension.
The panel data is analysed by means of the GMM-type estimator known as the "system estimator", based on Arellano and Bond (1991, 1998), Arellano and Bover (1995), and Blundell and Bond (1998), to deal with some of the potential econometric risks that arise when working with DPD. 34 the determination of both SELF and PAT in OECD countries was confirmed. 33 These coefficient imply that a movement from the minimum to the maximum value raises the average growth rate by more than 2.1 and 2.5 percentage points respectively, ceteris paribus. 34 The DPD package for Ox is used in all the estimations of 
GMM-type Estimation
The type of regression considered here has the following form
or equivalently
where y is the logarithm of per capita GDP, i is an OECD country, t is a period of time/year,β is a scalar, 35 X 0 represents the set of explanatory variables 1 × K and δ is K × 1. λ t is the time-specific effect. u it = µ i + υ it , where µ i is the unobservable country-specific effect and υ it is the corresponding error term.
The presence of individual heterogeneity in panel data models with lagged dependent variables would tend to generate biased and inconsistent estimates if the time dimension of the panel is fixed and small (see Nickell (1981) and Judson and Owen (1999) ). This is why the GMM-type estimator is considered.
More precisely, Baltagi (2001) mentions that there are two main problems when considering the DPD regression given by eq. (1). First, the lagged dependent variable as a regressor leads to autocorrelation, and second, the country-specific effects characterising the inherent heterogeneity among countries. That is, y it is a function of µ i , hence y i,t−1 would also be a function of µ i . Thus, y i,t−1 which is a right-hand side regressor would be correlated with the error term. This tends to yield biased and inconsistent OLS estimators even if the υ it are not serially correlated. 36 The very first step in this context is to first-difference eq. (1), as suggested by Anderson and Hsiao (1981) , in order to eliminate the individual effects. This procedure yields
However, this method of eliminating the country-specificity introduces another econometric issue. The first-differencing has caused the new error term ∆υ it = υ it − υ i,t−1 to be correlated with the lagged dependent variable, ∆y i,t−1 = y i,t−1 − y i,t−2 . This correlation, combined with the potential endogeneity of the explanatory 35β = β + 1 36 With this in mind and for expositional purposes, the Appendix contains the estimation in levels.
variables, leads us to consider the use of instrumental variables as suggested by Arellano and Bond (1991) , under the assumptions that υ it is not serially correlated and with the moment restrictions E [y i,t−s ∆υ it ] = 0 for t = 3, ...T, and s ≥ 2. To face these issues, Arellano and Bover (1995) and Blundell and Bond (1998) propose the use of the "system estimator", which is based on asymptotic and small sample properties, to diminish any potential biases in finite samples. This method estimates jointly the regression in differences with the regression in levels. Blundell and Bond (1998) assume E [∆y i2 µ i ] = 0 that allows to consider the additional moment conditions, E [u it ∆y i,t−1 ] = 0 for t = 3, ...T. Arellano and Bover (1995) argue that since the lagged levels are considered as instruments in the first step, then in the second step one should use only the most recent difference as instrument. 40 By introducing the regression in levels, a better estimation is achieved since it does not wipe out the cross-country relation nor increase the measurement error.
Similarly, if X it is treated as endogenous, it is assumed that there is no correlation between the differences on the right hand side variables and the country specific effect, E [∆X it µ i ] = 0 that allows the moment conditions E [u it ∆X i,t−1 ] = 0 for 37 For instance, for equation ∆y i3 = δ∆y i2 + ∆υ i3 , the instrument available is y i1 ; for ∆y i4 = δ∆y i3 + ∆υ i4 , the instruments available are y i1 , y i2 , and so on. 38 See Baltagi (2001) for a review of these issues. 39 Monte Carlo simulations indicate that this weakness leads to biased coefficients in small samples. 40 For instance, for equation y i3 = δy i2 + u i3 , the instrument available is ∆y i2 ; for y i4 = δy i3 + u i4 the instrument available is ∆y i3 , and so on. t = 3, ...T , to be available. These conditions permit the use of both lagged ∆y it and lagged ∆X it as instruments in the level equations. Summarising, on the one hand, the regression in differences uses the same instrumental variables as detailed above and, on the other hand, the regression in levels uses as instrumental variables, the lagged differences of the respective variables. 41 This two-step GMM system estimator yields consistent and efficient parameters estimates. The calculation of the two-step GMM estimator is analogous to that described before. In short, the system GMM estimator not only improves the precision but also reduces the finite sample bias (see Baltagi (2001) ).
To assess the appropriateness of the GMM estimators, two specification tests proposed by Arellano and Bond (1991) , Arellano and Bover (1995) and Blundell and Bond (1998) will be considered. Basically, what needs to be tested is the validity of the instruments and the validity of the assumption that the error terms do not present serial correlation. Therefore, the validity of the included instruments is tested by means of the Sargan test of over-identifying restrictions. 42 Additionally, it is tested that the error term v it is not second-order serially correlated, which is essential for the consistency of the estimators. 43 To provide support to the GMM estimator, it is necessary to accept the null hypothesis for both tests (high p-values). 42 The Sargan test is distributed as χ 2 with (J − K) degrees of freedom, J being the number of instruments and K the number of regressors. The null hypothesis is that the instruments are valid. 43 This test is distributed standard-normal and the null hypothesis is that there is no second-order serial correlation in the differenced residuals. 44 As in Bond et al. (2001), we report the results for the one-step GMM estimators, with standard errors that are not only asymptotically robust to heteroscedasticity but have also been found to be more reliable for finite sample inference, as shown by Blundell and Bond (1998) . 45 Initial/lagged income per-capita is the average of GDP per-capita for the period 1975-1978. considered in order to provide further support to the findings.
In the forthcoming tables, the estimated coefficients when time-dummies are included to take into account any time-specific effect, are also reported. Table 4 presents the results under the system estimator method using Period A and is organised as follows. In Columns (1) and (2) PAT is analysed, whilst in
Columns (3) and (4) SELF is considered. Columns (2) and (4) include time-dummy variables for each specification respectively. 46 There are four statistically significant coefficients in Columns (1) and (2), which correspond to PAT.
Note that the correlation tests for Columns (1a, 1b) present low p-values, therefore, the coefficients for PAT are inconsistent but those for Columns (2a, 2b) are perfectly valid. 47 Column (3) and Column (4) show negative values for SELF but they are not statistically significant, additionally there is evidence of second-order serial correlation in Columns (3a, 3b) . 48 The Sargan test always presents the required high p-values and the serial correlation test is appropriate only in Columns (2) and (4).
The results when considering Period B are given in Table 5 . The structure is the same as that of Table 4 . In Columns (1a, 1b), the estimated coefficients are statistically significant. 49 In 47 Based in Column 2, a one-standard deviation increase in PAT is associated with a rise in the growth rate by 2.3 percentage points on average, ceteris paribus. 48 Although not statistically significant, based in Column (4a, 4b), a one-standard deviation increase in SELF lowers the growth rate by more than 2.1 percentage points on average, ceteris paribus. 49 A one-standard deviation increase in PAT raises economic growth by 2.6 percentage points on Columns (2a, 2b), there are similar values for PAT, however, the p-value for the correlation test in (2a) is not sufficiently high to rule out second-order serial correlation. Columns (3a, 3b) present a negative estimated and statistically significant coefficients. 50 In Columns (4a, 4b) there is evidence of second-order autocorrelation.
With Period B, the estimated coefficients for SELF are again negative and for PAT positive. 51 It should be mentioned that in the previous estimations, very low p-values for the Wald tests for joint significance and for the time dummies were found, providing additional support to the results presented.
Under this GMM system-estimator econometric approach, which is the most adequate to deal with DPD, there is more certainty about the positive influence of PAT on economic growth as implied by the two analysed periods. 52 As mentioned, X it are treated as endogenous. In the Appendix, the DPD is estimated assuming X it to be exogenous. 53 The results are reported in Tables 11-12 using the two time periods considered above. These tables possess exactly the same structure as the ones presented in this subsection. 54 Basically, from the results of these additional tables, negative and several statistically significant estimated coef- average, ceteris paribus. 50 A one-standard deviation increase in SELF lowers economic growth by more than 1.4 and 2.9
percentage points for (3a) and (3b) respectively, everything else constant. 51 The implied speed of convergence from the previous tables lies between 4-8 percent a year. 52 The issue of considering heterogeneity in the slope parameters, as suggested by Lee et al.
(1997, 1998) is not feasible without the availability of longer time series. 53 The legal origin variables were considered as instruments for the entrepreneurial variables.
These estimations confirmed our results. 54 To conserve space, we only report the estimated coefficients for the entrepreneurial proxies under the first information set.
System Estimation Analysis
In this section, an alternative approach is taken to deal with the impact of both PAT and SELF on economic growth. 55 Legal origin and financial development variables are considered. To do so, a system-estimation approach that consists of two equations is used to analyse the marginal processes for entrepreneurship, given by both A cross-section SUR estimation is used for the proposed two-equations system. 56 
Estimation by SUR
This method, also called Zellner's method, estimates the parameters of the system, taking into account heteroscedasticity, and contemporaneous correlation in the errors across equations, assuming that the right-hand side regressors are exogenous. 57 The proxy PAT is first analysed in Table 6 and then SELF in Table 7 . In each table, three different specifications are presented, they combine finance-activity and the legal origin with the corresponding entrepreneurial variables, these combinations are given in columns (1b), (2b) and (3b); whereas columns (1a), (2a) and (3a) explain average economic growth, 1980-1995 for 22 OECD countries, as a function of initial GDP, secondary education and the corresponding entrepreneurial variable, either 55 This approach is applied by Gylfason et al. (2001) to study the impact of state-owned and private enterprises on growth for the 1978-1992 period. 56 Similar results are encountered when applying 3SLS. 57 A likelihood ratio test was carried out to decide whether to use OLS or SUR.The null hypothesis is: no correlation between the simultaneous equations. The likelihood ratio statistic in this case is
where N is the number of observations, |Σ 0 | is the determinant of restricted residual covariance matrix and |Σ 1 | is the determinant of the unrestricted residual covariance matrix, this statistic is asymptotically distributed as χ PAT or SELF. 58 In Table 6 The results outlined here show how both an adequate financial sector and the legal origin framework influence productive entrepreneurship, determined by PAT, which itself has a positive impact on economic growth. 58 Columns (1b), (2b) and (3b) in Table 6 and Table 7 include a dummy for Japan and a dummy for Greece, respectively. 59 More precisely, (6.09E-04×2.4) 1.46E-03, with a t-value equal to 1.6. All the composite t-values are computed by applying the delta method, see Greene (2000) . Table 7 proceeds as Table 6 , but it includes SELF instead of PAT.
Columns (1a), (2a), and (3a) of Table 7 , with economic growth as the dependent variable, are analogous to those of Table 6 . Columns (1b), (2b) and (3b) describe the dependence of SELF on PC, the legal origin, and both respectively. In Columns (1a) and (1b) all the coefficients are statistically significant. With this system estimation the composite estimated parameter for SELF and PC takes the value 0.0034 (tvalue= 1.56). One should not be confused by this finding. From Table 7 , it is clear that SELF does still have a negative impact on economic growth and, as in SalgadoBanda (2004), the less advanced financial systems do promote self-employment, as does the French legal origin. Hence, in this particular case, an improvement in financial systems, measured by PC, leads to a decrease in SELF, which consequently is beneficial for economic growth. A similar intuitive approach applies for (2a) and (2b) in Table 7 Finally, the system given by columns (3a) and (3b) encapsulates both views.
First, the total indirect effect via PC continues to have a positive influence on growth. 60 As in the previous system, the only legal origin variable affecting nega- 60 The composite coefficient is 0.0045 (t-value=1.95). Thus, the same reasoning applies as in (1a) tively economic growth by means of SELF is the French origin.
61 Tables 6 and 7 have pointed out to the importance of proper conditions and an adequate financial sector in fostering productive entrepreneurship. It is precisely PAT that affects economic growth positively, whereas SELF does the opposite. This is in line with the findings of Blanchflower (2000) who does not find evidence that increases in the self-employment rate increases the real growth rate of the economy. A cross-sectional approach and different estimation procedures were used. These estimators gave some early indication that PAT rather than SELF was exerting a positive impact on growth. Additionally, to confirm and validate econometrically the previous results, a DPD estimation approach was undertaken by means of a GMM-type estimation, which is the most appropriate method to deal with DPD.
Conclusions
This approach has allowed to control for potential endogeneity of the regressor and for country specific effects in a dynamic lagged-dependent variable model. Under this DPD approach, those first results given by the cross-sectional estimations were ratified, that is, entrepreneurship determined by PAT does have a positive influence on economic growth, whilst SELF does exactly the opposite.
Finally, a system estimation analysis was introduced. In particular, a system of two equations was created to evaluate the indirect impact, via either PAT or and (1b). SELF continues presenting negative estimated coefficients. 61 The composite coefficient is -0.018 (t-value=-3.03) and the same explanation given in the previous paragraph applies in this case.
SELF, of legal origin variables and/or financial development. It was found that the French legal origin would tend to reduce PAT, thus lowering economic growth; but promoting SELF hence diminishing the growth rate. In addition, an improvement in the finance variable, private credit, would promote on the one hand, more PAT thus raising the growth rate; whilst on the other hand, it would reduce SELF hence promoting economic growth.
In short, the results given in this paper, confirm that entrepreneurship, measured by PAT, has both statistical and economic relevance for economic growth. The results clearly do not support the view that self-employment/business ownership promotes economic growth. SELF is apparently measuring other activities that do not generate/influence productivity and/or innovation, ergo economic growth.
SELF may be an important source of entrepreneurship (OECD, 2000a) but it is
clear from the present analysis that some of the activities captured by the variable SELF could be related to rent-seeking activities or other non-innovative areas instead of productive entrepreneurship. -Entrepreneur is defined as a self-employed person.
Tables
-Self-employment deals with additional uncertainty.
-Entrepreneurs should balance their activities to market demand.
J.B. Say
-The entrepreneur shifts economic resources out of an area of lower into an area of higher productivity and greater yield.
-Entrepreneurship implies many obstacles and uncertainties.
A. Marshall Entrepreneurship defined in this broad sense, is central to economic growth. 
DPD Estimation in Levels
This subsection uses the panel data in levels under different specifications such as pooled OLS and Fixed and Random Effects. It should be mentioned that the results that follow, for both PAT and SELF, are robust for heteroscedasticity 63 with no second-order serial correlation 64 in the error terms.
To conserve space, we only report the estimated coefficients of the entrepreneurial proxies under the first information set.
Next, the results from the estimation of eq. (1) for each entrepreneurial variable by OLS with a common constant, for Period A, are presented. Here, each coefficient comes from separate estimations. The difference between Column (1) and Column (2) is that the latter includes time dummy variables. All the estimated coefficients but SELF in Column (2) are statistically significant at the one percent level.
For Period B, the results are presented next. 63 A test for homoscedasticity was carried out, see Baltagi (2001) , using 22 sample variances s 2 i , and assuming normality. As expected in this type of studies, the test clearly rejected the null hypothesis of homoscedasticity. The likelihood ratio statistic to test the null hypothesis of homoscedasticity was given by: NT ln s 2 − Σ All the estimated coefficients are statistically significant.
Next, the DPD is estimated using the Fixed Effects Model, which assumes that the individual country effects µ i , are fixed parameters. This approach would be appropriate when differences between countries can be understood as parametric shifts of the regression function. 65 Baltagi (2001) The following table presents the results of this particular approach using Period A. 65 This model is also known as the least-squares dummy variables (LSDV). 66 Islam (1995) mentions that when asymptotics are considered as N → ∞, the lagged dependent variable on the right-hand side yields an inconsistent estimator. However, based on Amemiya The only statistically significant coefficient is that of PAT in Column (1). When time-dummies were included, the estimated coefficients were not statistically significant. 67 An alternative approach to dealing with µ i is to assume that they are random, this method is called the Random Effects Model. In this case, µ i ∼IID(0,σ 2 µ ), υ it ∼IID(0,σ 2 v ), the µ i are independent of the the υ it , and the X it are independent of the µ i and the υ it , for all i and t. Hence, assuming the individual effects as randomly distributed would be appropriate when one can be sure that the cross-sectional units are drawn from a large population. Greene (2000) argues, based on Mundlak (1978) , that one should always treat the individual effects as random. It is also argued that the Fixed Effects model is too restrictive and conditional on the observed sample, which would discard other effects and factors. As mentioned above, the Fixed Effects model is costly in terms of the degrees of freedom lost which is not the case under the Random Effects Model.
The next table presents the main results of the Random Effects approach using Period A. 70 This test suggests that SELF continues to exert a negative influence on growth. Baltagi (2001) suggests that the researcher should not stop at this point and must continue using diverse techniques to estimate the DPD, which is what this paper intended. 68 Using Period B, a positive and statistically significant coefficient was also found for PAT; and a negative but statistically insignificant coefficient was found for SELF. 69 The literature suggests that this test is not conclusive at all regarding which method is the best one. 70 The Hausman test statistic was calculated to test the null hypothesis of random effects against the alternative of fixed effects. On the one hand, for PAT the p-value rejects the null hypothesis of Random Effects. On the other hand, for SELF the p-value accepts the null hypothesis of Random
Effects.
